Introduction {#sec1-1}
============

In the various agro-ecological zones (AEZs) of South Africa, goats are reared to fulfill multiple purposes and to meet nutritional, economic, and socio-cultural needs \[[@ref1]-[@ref3]\]. Their existence in rural households serves as a cushion in the event of crop failures due to various reasons, including climatic vagaries, especially in arid and semi-arid environments. The rich potential of the small ruminant sector, which includes goats, is not efficiently exploited due to several constraints including malnutrition, inefficient management, and diseases \[[@ref4]\].

Goats are highly susceptible to gastrointestinal parasites (GIPs) \[[@ref5],[@ref6]\] due to their lower innate immune response against specific helminths as a result of their evolution \[[@ref7]-[@ref9]\] and the nomadic nature of goat husbandry. In this regard, among the production constraints of goats that contribute to production losses in rural communities, GIPs constitute a major share \[[@ref10],[@ref11]\]. The challenge is, however, much more severe in tropical countries due to favorable environmental conditions for GIP transmission \[[@ref12],[@ref13]\], poor nutrition of the host animals \[[@ref14]\], and poor sanitation in rural areas \[[@ref15]\]. This makes controlling GIPs the most important health issue in goats of all ages \[[@ref16]-[@ref18]\]. The prevalence of GIP infection in livestock varies according to their existing managemental practices \[[@ref19],[@ref20]\], season of the year \[[@ref21],[@ref22]\], and animal age \[[@ref23]-[@ref25]\] and sex \[[@ref26]-[@ref28]\]. Several epidemiological studies have been carried out on GIPs in goat communities in South Africa \[[@ref29]-[@ref31]\], but these studies were limited in scope and coverage, sample size, and risk factors considered. Sound GIP control strategies have not yet been established with respect to the AEZs of South Africa. Therefore, it is essential to estimate the possible variation in parasitic infection in goats in different geographical regions, which could aid in designing effective control measures against parasitic diseases.

Hence, to reduce the gap in knowledge of the epidemiology of GIP infections in communal goats in different AEZs in South Africa, this study was conducted to assess the epidemiology of common gastr intestinal parasitic infections affecting goats as influenced by AEZ, sampling season, and animals' age and sex.

Materials and Methods {#sec1-2}
=====================

Ethical approval {#sec2-1}
----------------

The study was approved by the Animal Research Ethics Committee of the Faculty of Science, Tshwane University of Technology \[FCRE 2017/10/01 (02) (SCI)\]. Ethical concerns were taken into account by adhering to the local animal welfare regulations and practices, and experiments conformed to the ethical guidelines for animal usage in the research of Tshwane University of Technology, South Africa.

Study site and animal management {#sec2-2}
--------------------------------

This longitudinal study was conducted in different AEZs: Arid, semi-arid, humid, and dry sub-humid zones, of KwaZulu-Natal, Limpopo, and Mpumalanga Provinces of South Africa. Goats sampled were owned by smallholder farmers who had small flock sizes ranging from one to ten animals. The selected AEZs varied in percentage of land surface, rainfall distribution, and length of the growing period. Animals were kept under extensive grazing systems where during the day they were released to graze on communal lands and corralled at night. In these areas, veterinary care was low to non-existent, and goats were not treated or dewormed. A total of 288 goats (101 male and 187 female) were randomly sampled during winter (June-July) and summer (November-December) in areas representing four AEZs (arid: 80, semi-arid: 76, humid: 62, and dry sub-humid: 70). Goats were classified by age (suckling: \< 1 year, young: 1-3 years, and adult: \> 3 years) as described by Kheirandish *et al*. \[[@ref32]\]. Plastic ear tags (Allflex^®^) bearing individual identification numbers were placed on the right ear of each animal sampled to allow for repeated use of the same animals over the study period.

The sample size was determined using the following equation:
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Where, n = sample size, p = expected prevalence, q = 1-p, and L = limits of error on the prevalence. Because the prevalence in the local goat population was unknown, the hypothesized prevalence of 75% was used with a 5% limit of error of the prevalence. The required sample size was calculated to be 288 goats \[[@ref33]\].

Fecal collection and coprology {#sec2-3}
------------------------------

About 10-g fecal samples from each animal were collected twice in each season directly from the rectum into airtight containers. Samples were maintained at 2-4°C in cooler boxes and were transported to the laboratory within 24 h for further coprological examination. The fecal samples were examined for the presence of GIP eggs. The fecal eggs per gram counts were determined by a modified McMaster technique, as described by Hansen and Perry \[[@ref34]\]. The floatation fluid used was sodium chloride (NaCl: 500 g, Water: 1000 mL). The fecal samples were ground into five drops of bloat guard to prevent bubbles when counting the eggs. The GIPs were identified under a compound microscope (10×) based on the morphological appearance and size of helminth eggs, protozoa cysts, and trophozoites \[[@ref35],[@ref36]\]. Distinguishable nematode (*Trichuris*), trematode, and cestode eggs were identified directly. A sample was considered positive when a minimum of one GIP egg was detected under the microscope. Fecal cultures were prepared by incubating 2-3 g of feces between 26°C and 28°C for 7 days at 80% humidity after which infective larvae were collected using a modified Baermann technique. L~3~-stage nematodes were identified according to the protocol proposed by Van Wyk *et al*. \[[@ref37]\]. *Eimeria* species were identified following the sporulation of oocysts within the feces in a thin layer of 2.5% potassium dichromate for 1 week between 26°C and 28°C. The identification of *Eimeria* species was based on morphological characteristics of oocysts (size, shape, color, and presence or absence of a micropyle and its cap). The prevalence was determined using the following equation:
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Where, "a" = Number of individuals having a disease at a particular time; "b" = Number of individuals in the population at risk at that point in time \[[@ref38]\].

Statistical analysis {#sec2-4}
--------------------

The data were analyzed by a MiniTab17 \[[@ref39]\] using the FREQ procedure and the association between the independent factors (AEZ, goat age and sex, and sampling season) and the prevalence of various GIP were evaluated using the Pearson Chi-square test at a significance threshold at p\<0.05.

Results {#sec1-3}
=======

The L~3~ nematodes identified from the fecal cultures of all animals were *Haemonchus* spp., *Strongyloides papillosus*, and *Oesophagostomum* spp. in arid, semi-arid, and humid zones. *Haemonchus* and *S. papillosus* were identified in the dry sub-humid zone. Regarding *Eimeria* spp., *Eimeria arloingi*, *Eimeria christenseni*, *Eimeria alijevi*, *Eimeria jolchijevi*, *Eimeria caprina*, *Eimeria caprovina*, and *Eimeria hirci* were identified in fecal cultures from all AEZs. The prevalence of various GIPs in different AEZs of South Africa is presented in [Table-1](#T1){ref-type="table"}. Five types of GIP eggs observed were *Eimeria* spp., *Trichuris*, *S. papillosus*, *Moniezia* spp., and strongyle eggs, with an overall prevalence of 30.0, 26.4, 31.1, 36.6, and 59.6%, respectively. There was a significant (p\<0.05) association between the prevalence of strongyles, *Trichuris*, and *Moniezia* spp. The AEZ with the highest GIP prevalence was the humid zone. There was an insignificant (p\>0.05) association between the prevalence of *Eimeria* spp., *S. papillosus*, and AEZ. The nematode infections showed a preponderance of strongyle eggs, while *S. papillosus*, *Trichuris*, and *Moniezia* spp. infections were sporadic in different AEZs.

###### 

Prevalence (%) of gastrointestinal parasitic infections in South African goat communities in different AEZs.

  Gastrointestinal parasite    AEZ    Overall   Chi-square test                        
  ---------------------------- ------ --------- ----------------- ------ ------ ------ ------
  *Eimeria* spp.               27.5   26.3      33.6              33.9   30.0   3.19   0.36
  *Trichuris*                  22.5   21.1      28.6              35.5   26.4   8.96   0.03
  *Strongyloides papillosus*   28.8   32.2      32.9              30.7   31.1   0.72   0.87
  *Moniezia* spp.              27.5   42.8      40.0              37.1   36.6   8.91   0.03
  Strongyles                   46.9   57.2      72.1              64.5   59.6   21.5   0.00
  Overall                      30.6   35.9      41.4              40.3   37.1          

χ^2^=Chi-square, AEZ=Agro-ecological zones

Pearson Chi-square analysis showed a significant (p\<0.05) association between the prevalence of all GIPs and goat age ([Table-2](#T2){ref-type="table"}). A higher prevalence of all GIPs was observed in young goats (53.8%), followed by adult goats (35.7%) and finally in suckling goats (20.0%). Strongyle infections showed a prevalence of 76.4, 61.1, and 31.8% in young, adult, and suckling goats, respectively. Sporadic infection by all GIPs was observed in goats of different ages.

###### 

Prevalence (%) of gastrointestinal parasites in goats of different ages.

  Gastrointestinal parasite    Goat age   Chi-square test                 
  ---------------------------- ---------- ----------------- ------ ------ -------
  *Eimeria* spp.               23.9       48.2              26.2   21.5   0.001
  *Trichuris*                  20.5       37.3              24.6   8.87   0.01
  *Strongyloides papillosus*   12.5       50.0              29.9   32.8   0.001
  *Moniezia* spp.              11.4       57.3              36.5   44.4   0.001
  Strongyles                   31.8       76.4              61.1   41.4   0.001
  Overall                      20.0       53.8              35.7          

χ^2^=Chi-square

There was an insignificant (p\>0.05) association between the prevalence of all GIPs and the goats' sex ([Table-3](#T3){ref-type="table"}). The prevalence of *Eimeria* spp., *Trichuris*, *S. papillosus*, *Moniezia* spp., and strongyle eggs in male goats was 31.7, 28.7, 34.7, 34.2, and 62.4%, respectively, while the corresponding values in females were 29.1, 25.1, 29.1, 38.0, and 58.0%, respectively.

###### 

Prevalence (%) of gastrointestinal parasitic infections in goats of different sexes.

  Gastrointestinal parasites   Goat sex   Chi-square test          
  ---------------------------- ---------- ----------------- ------ ------
  *Eimeria* spp.               29.1       31.7              0.40   0.53
  *Trichuris*                  25.1       28.8              0.83   0.36
  *Strongyloides papillosus*   29.1       34.7              1.86   0.17
  *Moniezia* spp.              38.0       34.2              0.82   0.37
  Strongyles                   58.0       62.4              1.03   0.31
  Means                        35.9       38.3                     

χ^2^=Chi-square

There was a significant (p\<0.05) association between the prevalence of *Eimeria* spp. and sampling season, while there was an insignificant (p\>0.05) association between the other GIPs and sampling season ([Table-4](#T4){ref-type="table"}). The prevalence of strongyle eggs was the highest (62.9 and 56.3% for winter and summer seasons, respectively) among the GIP infections in different seasons.

###### 

Prevalence (%) of gastrointestinal parasitic infections in goats between seasons.

  Gastrointestinal parasite    Season   Chi-square test          
  ---------------------------- -------- ----------------- ------ ------
  *Eimeria* spp.               34.0     26.0              4.37   0.04
  *Trichuris*                  27.4     25.4              0.30   0.59
  *Strongyloides papillosus*   32.3     29.9              0.40   0.53
  *Moniezia* spp.              37.5     35.8              0.19   0.67
  Strongyles                   62.9     56.3              2.60   0.11
  Means                        38.8     34.7                     

χ^2^=Chi-square

Discussion {#sec1-4}
==========

Gastrointestinal parasitism is a major health problem affecting the productivity of goat farming worldwide \[[@ref6],[@ref10],[@ref11]\]. The overall GIP prevalence of 37.08% observed in the present study is, however, lower than the prevalence of GIPs in goats in Cameroon (90.04%) \[[@ref40]\], Bangladesh (77.0%) \[[@ref41]\], and India (51.89%) \[[@ref42]\]. Strongyle infection was the most commonly observed (64.5%) GIP infection among those observed in the present study. Our observations were similar to those of some other studies conducted in Africa and abroad, which described strongyle infection as a major problem in small ruminants \[[@ref43]\]. However, several authors have previously reported that *Eimeria* spp. infection is the most prevalent among GIP in goats \[[@ref44]-[@ref46]\]. The present finding that the overall prevalence of *Trichuris* and *S. papillosus* was 26.4 and 31.8%, respectively, differs from the findings of Ntonifor *et al*. \[[@ref40]\] who reported a prevalence of 13.9 and 48.9%, respectively. This difference may be attributed to different sampling sites, size and years, goat breed, and agro-climatic conditions.

The significant association observed between the AEZ and the prevalence of strongyle, *Trichuris*, and *Moniezia* spp. might be due to geographical and AEZ climatic variability, the number of animals included in various AEZs, and the management practices adopted locally. The lower prevalence of strongyles, *Trichuris*, and *Moniezia* spp. in arid zones may be attributed to the fact that these areas are extremely warm and receive scarce, erratic rainfall \[[@ref47],[@ref48]\], which is unfavorable for GIP development, survival, and transmission \[[@ref34],[@ref49]\].

The higher prevalence of strongyles, *Trichuris*, and *Moniezia* spp. in dry-humid and humid zones may be attributed to the fact that these areas have higher rainfall and humidity, plus moderate temperatures \[[@ref47],[@ref48]\], which are therefore suitable for fecundity and epidemiology of the GIP. Another contributing factor may be due to poor farm management techniques and generally unhygienic farming conditions. In the present study, the prevalence of *Trichuris*, *S. papillosus*, *Moniezia*, and strongyle infections in semi-arid regions was higher than the findings in the same AEZ of Udgir, India \[[@ref42]\]. The occurrence of *Moniezia* spp. in the tropics is associated with the ingestion of oribatid mites infected with cysticercoids of *Moniezia* spp. \[[@ref40]\]. However, the prevalence of *Eimeria* spp. in the semi-arid zone (26.3%) was not comparable to the prevalence in semi-arid zones in India (71.45%) \[[@ref46]\] and Ethiopia (15.7%) \[[@ref50]\]. The prevalence of *Trichuris* spp. (21.0%) was also not comparable to that reported in the semi-arid zone in Ethiopia (0.3%) \[[@ref50]\]. Agro-ecological factors are very important for the hatching of viable eggs, as well as parasite survival and development \[[@ref51],[@ref52]\], leading to differences in GIP prevalence. The interactions between host factors and parasite factors determine the potential for disease/infection to occur and the pattern of infection, whereas host-environment and parasite-environment interactions influence disease transmission \[[@ref53]\].

Infections with GIPs were more prevalent in young goats than in adult and suckling goats. Young animals are susceptible to infections due to their immunological immaturity and unresponsiveness \[[@ref54]\], failure to separate young stock from the adult stock at the pre-weaning age, and overgrazing of infested pasture \[[@ref55]\]. Adult animals may acquire immunity to the parasite through frequent challenges and may expel the ingested parasite before an infection is established \[[@ref45],[@ref56]\]. The present findings agree with findings from several other studies \[[@ref25],[@ref41],[@ref55]\], in which young goats showed a higher incidence of parasitic infection than adult goats. However, some researchers have noticed a higher prevalence in adults than in young goats \[[@ref57]-[@ref59]\].

Contrary to the present findings that goat age was significantly associated with the prevalence of GIPs, several authors \[[@ref27],[@ref32],[@ref42]\] observed that the age of the animals was not significantly associated with the prevalence of the GIP. Furthermore, in contrast to the findings of the present study, Verma *et al*. \[[@ref46]\] reported that suckling goats were more heavily infected with *Eimeria* and *Moniezia* spp. than young or adult goats. The overall prevalence of GIPs in suckling goats found in this study (20.0%) is, however, lower than the prevalence observed by Radfar *et al*. \[[@ref60]\] and Dappawar *et al*. \[[@ref42]\] who reported a prevalence of 91.42 and 45.0%, respectively, in suckling goats. The overall GIP prevalence of GIPs in adult goats in the present study was also lower than the findings of Radfar *et al*. \[[@ref60]\] (86.8%), but was higher than the findings of Verma *et al*. \[[@ref46]\]. The prevalence of *Trichuris* spp. in the present study was lower than that observed by Radfar *et al*. \[[@ref60]\].

The sex-wise prevalence analysis revealed that GIP infection occurred with similar frequency in males and females, which can be attributed to the fact that both sexes are kept under similar management systems. On contrary, the significant association between goats' sex and the prevalence of GIP was previously reported to occur more frequently in males than in females \[[@ref42]\] or in females more than males \[[@ref27],[@ref32],[@ref41]\]. Similar to the findings of Dappawar *et al*. \[[@ref42]\], the percentage of *Trichuris* and *S. papillosus* infections between the two sexes was marginally higher in males as compared to females in our study. However, contrary to the findings of Dappawar *et al*. \[[@ref42]\] and Verma *et al*. \[[@ref46]\] who observed higher infection rates in females than in males, we observed that the prevalence of strongyles was marginally higher in males.

There was no significant association between the prevalence of *Trichuris*, *S. papillosus*, *Moniezia* spp., and strongyles during winter and summer seasons, which is noteworthy since one could anticipate that the arthropod intermediate hosts would be favored by a moist microclimate in the pasture. Similar observations were also previously reported \[[@ref61]\]. A significant association between season and GIP prevalence was previously reported \[[@ref41],[@ref42]\]. The significantly (p\<0.05) higher prevalence of *Eimeria* spp. observed in winter could be attributed to the fact that the *Eimeria* spp. development, survival, and reproduction highly depend on seasonal factors. The nematode infections can be carried over from one favorable season to another within the host animal, which may explain the continued presence of worms in animals even during unfavorable season precluding development and survival of nematodes \[[@ref62]\].

Conclusion {#sec1-5}
==========

GIPs are of economic importance and pose a great challenge to goat farmers in different AEZs. The GIPs are prevalent and endemic to a considerable extent among the goats in the study area of South Africa. AEZ and goat age were the most important factors influencing the risk of GIP infections in South African goat communities. These risk factors need to be taken into consideration when designing effective parasite control management systems for these animals. The present study validates the need to create awareness to develop the appropriate educational materials for goat farmers and the general public regarding infection potential, the dangers these GIPs pose, and possible ways to combat them. Further detailed investigations into the infestation intensity and patterns, as well as other epidemiological factors, should be carried out to generate a comprehensive parasite profile of South African goat community.
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